The β decay of 129 Cd, produced in the relativistic fission of a 238 U beam, was experimentally studied at the RIBF facility at the RIKEN Nishina Center. From the γ radiation emitted after the β decays, a level scheme of 129 In was established comprising 31 excited states and 69 γ -ray transitions. The experimentally determined level energies are compared to state-of-the-art shell-model calculations. The half-lives of the two β-decaying states in 129 Cd were deduced and the β feeding to excited states in 129 In were analyzed. It is found that, as in most cases in the Z < 50, N 82 region, both decays are dominated by the ν0g 7/2 → π 0g 9/2 Gamow-Teller transition, although the contribution of first-forbidden transitions cannot be neglected.
far from the valley of stability with both a closed proton and neutron shell currently available for study. Consequently, the nuclei in close proximity are a perfect test ground for nuclear models far from stability. Furthermore, the β-decay properties in the region below Z = 50 have a crucial impact on calculations of the r process, one of the main processes responsible for the synthesis of the heavier elements in the universe. The relative abundances around the neutron shell closures are particularly sensitive to the β-decay half-lives of the r-process nuclei [1] . It is therefore of major interest to have models which can predict the half-lives of nuclei in the experimentally inaccessible regions with high accuracy. One of the questions related to that is if and how much first-forbidden (ff) β decays contribute in the region around N = 82. Different theoretical approaches led to different conclusions regarding this point in the past [2] [3] [4] .
In a recent experiment at the RIKEN Nishina Center several nuclei around 132 Sn were produced, taking advantage of the high intensity of the primary uranium beam available at that facility. First results from this experiment have already been presented for ms and μs isomeric states in 129 Cd [5] and 136, 138 Sn [6] as well as for the β decays of 131, 132 Cd [7] populating excited states in 131 In. In the present work, we report on the β decay of 129 Cd, which has two proton holes and one neutron hole with respect to the 132 Sn core. This study includes the half-lives of the β-decaying states and the structure of the daughter nucleus 129 In. Prior to this work two β-decaying states in 129 Cd with half-lives of 104 (6) and 242 (8) ms, respectively, have been reported [8] [9] [10] [11] . While the longer half-life was associated with the proposed 11/2 − ground state, the shorter half-life was assigned to a 3/2 + β-decaying isomer [9, 10] . Recently, the work by Yordanov et al. confirmed the existence of the 3/2 + and 11/2 − long-lived states in 129 Cd via laser spectroscopy [12] . However, experimental information on the order of those two states is still missing. In Ref. [5] we reported the first experimental information about γ -decaying excited states in 129 Cd by observing the decay of an isomeric state with a half-life of T 1/2 = 3.6 (2) ms and a tentative spin and parity assignment of (21/2 + ). The shell-model calculations performed in that work indeed suggest that the 11/2 − state is the ground state with the 3/2 + state placed at an excitation energy of 287 keV.
More information is available for 129 In. Besides the 9/2 + ground state, a β-decaying 1/2 − isomer has been reported [13] . The excitation energy of this 1/2 − state has been fixed to be 459 (5) keV in a recent mass measurement [14] . Furthermore Fogelberg et al. have shown evidence of two long-lived high-spin states with spins of (29/2 + ) and (23/2 − ) for which half-lives of 110 and 700 ms, respectively, were measured [15] . The (23/2 − ) state was identified as an β-decaying isomer and placed at an excitation energy of 1630 (56) keV in Ref. [16] . In addition a 17/2 − isomeric state with a half-life of 8.5 (5) μs was observed by Genevey et al. at an excitation energy of 1688 keV, decaying via a cascade to the 9/2 + ground state [17] . Finally, more than 50 γ -ray transitions were observed following the β decay of 129 Cd in the experiments performed at the CERN On-Line Isotope Mass Separator (ISOLDE) facility [11, 18] . A level scheme of 129 In including 18 of these transitions was presented in Ref. [11] .
II. EXPERIMENTAL METHOD
The experiment was carried out at the Radioactive Isotope Beam Factory (RIBF) at the RIKEN Nishina Center (Japan). The ions of interest were produced via in-flight fission of a 238 U primary beam with an energy of 345 MeV/u which impinged on a 3-mm-thick Be production target. Employing the fragment separator BigRIPS [19] , the ions of interest were separated and identified on an event-by-event basis. The charge Z and the mass-to-charge ratio A/q were determined by measuring the time of flight (ToF), the energy loss E, and the magnetic rigidity Bρ with the BigRIPS detectors. A more detailed description of the separation and identification procedures can be found in Ref. [20] .
In total, 3.2 × 10 6 129 Cd ions were identified and transported through the ZeroDegree spectrometer to the final focal plane where an active stopper was placed. The active stopper, called the wide-range active silicon strip stopper array for β and ion detection (WAS3ABi) comprises eight double-sided Si strip detectors (DSSSD) with each of them having an active area of 60 × 40 mm 2 and a segmentation into 60 vertical by 40 horizontal strips [21] . The DSSSDs have a thickness of 1 mm each, are closely packed behind each other, and are placed at the center of the EUROBALL-RIKEN Cluster Array (EURICA) [22] , an array of 12 large-volume germanium cluster detectors of the former EUROBALL array [23] . The 129 Cd ions were implanted in WAS3ABi and by means of the position-and time-difference correlated offline to subsequent decay events observed in WAS3ABi. The maximum time difference to correlate decay and implantation events was chosen according to the half-life of the parent nucleus, in this case 129 Cd, and the application. For example, for investigating the γ rays following the decay of 129 Cd the maximum correlation time was set to 450 ms, while for the half-life analysis a longer correlation time was necessary.
To improve the efficiency for higher-energy γ rays an addback procedure was applied, summing the energies of two neighboring crystals if their energy sum is above 100 keV and if the signals are recorded within a prompt-coincidence time window of 500 ns. The resulting absolute efficiency of the germanium array for a γ ray at 1 MeV (4 MeV) was determined to be 8.5 (4)% [2.9 (2)%].
III. EXPERIMENTAL RESULTS
The germanium add-back spectrum recorded in coincidence with the first decay observed in WAS3ABi within a maximum correlation time of 450 ms, requiring that implantation and decay occurred in the same DSSSD and with a maximum position difference of 1 mm in the x and y directions, is shown in Fig. 1 #  137 keV  334 keV  359 keV   392 keV  401 keV  440 keV  472 keV  @  $  538 keV  542 keV  562 keV  589 keV  599 keV  632 keV  731 keV  752 keV  769 keV   840 keV  863 keV  &  873 keV   &  968 keV  995 keV   1000  1200  1400  1600  1800   1020 keV  1041 keV  1065 keV  1096 keV  1104 keV  1124 keV  1135 keV  1131 keV   1260 keV  1287 keV   &  1222 keV  1235 keV  1227 keV  1354 keV  1396 keV  1423 keV  1462 keV  1500 keV  1524 keV  1364 keV  1555 keV  1561 keV  1586 keV  1690 keV  1762 keV  1797 In to the implanted 129 Cd ions and the annihilation of positrons produced in the pair creation in the germanium detectors (@). Single-escape peaks have been marked with (SE) and peaks arising from room background with (bkg). 129 Cd may escape observation and the first detected decay after the implantation is then the decay of the daughter nucleus. In addition to that, transitions in 128 In (&) are present in the spectrum, which are either populated through β-delayed neutron emission of 129 Cd or due to reactions occurring in the material placed in the beamline, e.g., detectors or degraders, after the ion identification, meaning that 128 Cd not 129 Cd was implanted. The peak at 511 keV (@) arises from the annihilation of positrons which have been created in pair production of high-energy γ rays. On top of that we observe several peaks which have been identified as single-escape peaks (SE) from high-energy transitions where one 511 keV γ ray escapes the detector after pair production.
In addition to the contaminations mentioned above, which can be correlated with the implanted 129 Cd ions, several peaks can be assigned to strong transitions from other decays, e.g., transitions in 131 Sn (#) and 132 Sn ($) emitted after the β decay of 131 In and 132 In, respectively. The nuclei 131 In and 132 In have been created with a much higher production yield than most of the other reaction channels and false correlations of decay and implantation events can occur when the decay of those nuclei is detected in close proximity to the implantation position of the ion of interest. Those contamination lines are observed in most of the germanium spectra recorded after the decay of the individual nuclei produced in this experiment. Peaks arising from room background (bkg) are also observed and marked in Fig. 1 .
A. The level scheme of 129 In
The energies and relative intensities of all γ rays which have been associated with the β decay of 129 Cd to 129 In are listed in Table I . Most of these 78 transitions have been placed in a level scheme taking into account information obtained from γ -γ coincidence spectra and relative intensities. Coincidence spectra with short (500 ns) and long (100 μs) coincidence time windows have been investigated in detail for each transition and this piece of information was sufficient in most of the cases to fix the placement of the transitions in the level scheme of 129 In. The placement of the transitions and 054324-3 the establishment of new levels is discussed in detail in the following. The decay of the 17/2 − , E x = 1688 keV isomer in 129 In is firmly established [17] and was used as a starting point to place the γ rays observed in this experiment into a level scheme. The four transitions with energies of 334.1, 358.9, 995.1, and 1354.2 keV, reported by Genevey et al. [17] , are also observed in the present experiment. The information obtained from coincidence spectra agrees with the previously proposed level scheme. Another very strong transition with an energy of 1796.5 keV is observed in prompt coincidence with only the 358.9, 995.1, and 1354.2 keV transitions [(see Fig. 2(a) ]. A placement on top of the 13/2 + level at 1354 keV, as suggested by Arndt et al. [11] , is therefore in agreement with our experimental information, resulting in a level at 3150 keV. This level is also deexcited via a transition of 2155.6 keV, which is only observed in coincidence with the 995.1 keV transition [ Fig. 2(b) ]. In addition we observe two γ rays with energies of 1020. Fig. 3 , is fixed by the coincidence information and especially by the fact that β feeding is observed to all three levels at 1693, 2085, and 2589 keV.
Arndt et al. [11] suggested the placement of the 1462 keV transition on top of the 17/2 − μs isomeric state. We agree with this placement since the 1462.3 keV γ ray is observed in delayed coincidence with the 334.1 keV transition, see of 967.6, 1130.6, and 1221.6 keV. Adding the fact that the 967.6 and 1130.6 keV transitions are seen in coincidence with a γ ray of 2216.8 keV fixes their placement in the level scheme establishing two new levels at 2217 and 3348 keV and confirming the one at 3184 keV proposed in Ref. [11] .
The 3184, 3348, 3888, and 4118 keV levels
In the current experiment two γ rays with energies of 3184.4 and 3348.0 keV are observed and are placed as transitions to the ground state from the two levels established in the last section. By using the information from the γ -γ coincidences, several cascades can be identified which have sum energies of either 3184 or 3348 keV. Placing those cascades establishes four new levels with energies of 1762, 2088, 2143, and 2433 keV. Note that the coincidence relation of the 1761.6 with the 1422.9 (see Fig. 4 ) and 1586.2 keV transitions, respectively, makes a placement of those transitions as proposed by Arndt et al. [11] very unlikely. Considering the experimental information, those two transitions are placed on top of the 1762 keV level, thus depopulating the levels at 3184 and 3348 keV, respectively.
The two γ rays with energies of 2356.0 and 2127.6 keV are placed on top of the 1762 keV level based on their prompt coincidences with solely the 1761.6 keV transition, thus establishing two new levels at 3888 and 4118 keV. The observation of transitions with energies of 3888.4 and 4118.3 keV suggests that those levels have a decay branch directly to the ground state. Furthermore we observe several other high-energy transitions in the range from 3 to 4 MeV which are placed as ground-state transitions (3487.7, 3701.9, 3913.8, and 3966.4 keV). Note that the levels at 3702 and 3966 keV also decay via a γ transition to the 1762 keV level.
The position of the 1/2 − β-decaying isomer
Taking into account the relative intensities and coincidence information of the 137.2, 631.9, and 769.2 keV transitions, the placement of those on top of the 1/2 − β-decaying isomer is suggested and can be fixed by using the additional coincidence information obtained for the 542.0 keV transition [see Fig. 4(a) ]. As an additional example, the γ -γ coincidence spectrum of the 769.2 keV transition is shown in Fig. 4(b) . The proposed placement is shown in the level scheme in Fig. 3 , fixing the energy of the 1/2 − β-decaying isomer from a network of γ transitions. The excitation energy of 451 (1) keV is slightly smaller as compared to the value of 459 (5) keV obtained from the mass measurements reported in Ref. [14] .
Based upon the information of γ -γ coincidences, the 400. Summarizing the obtained results for the β decay to 129 In, from the 78 observed gamma-ray transitions 69 could be placed in the level scheme presented in Fig. 3 . The placement of the remaining transitions is not possible based upon the available experimental data, especially because they are not observed in coincidence with any other transition. The nine transitions which could not been placed in the level scheme are marked with an ( * ) in Table I .
B. β-decay half-lives
In order to determine the half-lives of the two β-decaying states of 129 Cd, the time distribution of all decays associated with the implanted 129 Cd ions was inspected. Surprisingly, besides the very-short-lived component with a half-life of 3.6 (2) ms [5] this curve shows no evidence for the presence of two significantly different half-life components associated with the decay of the two β-decaying states in 129 Cd, as expected considering the previously reported values of 242 (8) and 104 (6) ms [8] [9] [10] [11] . The total decay curve was then fit with a function considering the ms isomeric state and two different parent half-lives and the known half-lives of the 9/2 + and 1/2 − β-decaying states, 611 (5) ms and 1.23 (3) s, respectively, in the 129 In daughter [24] . Independent of the assumed relative population of the two β-decaying states in 129 Cd, the fit procedure always led to identical half-lives for the two components. Therefore, the decay curve was finally fit with a fit function f (x) considering only one half-life for the 129 Cd decay (besides the ms isomer and the daughter decays) and a value of T 1/2 = 154 (8) ms was obtained. The quality of this fit is demonstrated in Fig. 5 , which shows the difference between the experimental decay curve and the fit function f (x) normalized to the latter. For comparison we also include the fit obtained with a fit function g(x) including two different components in the decay of 129 Cd with half-lives of 242 and 054324-6 104 ms corresponding to the literature values [8] [9] [10] [11] . Again the relative population of the two decaying states has been varied. The experimental data clearly exclude the existence of two decay components with the quoted half-lives.
An alternative way to try to disentangle the two different decay components originating from the 11/2 − and 3/2 + states in 129 Cd is provided by the β-γ -gating method. Decay curves were produced for the time difference between the implantation and the observation of a β decay in coincidence with a γ ray in the daughter nucleus. These decay curves should solely include the activity of the parent nucleus and can be fit with a single-exponential decay curve and a constant background. Via the selection of specific transitions in the daughter nucleus it is possible to produce decay curves showing the activity of only the 3/2 + or the 11/2 − β-decaying state of 129 Cd. Based on the level scheme obtained in the present work, the 358.9, 995.1, 1354.2, 1796.5, and 2155.6 keV transitions, mainly populated from the state at 3150 keV, are assumed to follow the decay of the 11/2 − β-decaying state, while the decay curves gated on the 1422.9 and 1586.2 keV transitions, depopulating the states at 3184 and 3384 keV, respectively, reflect most likely the activity of the 3/2 + state in 129 Cd (see Sec. IV for details). For the decay of the 11/2 − state, the half-life was deduced for each γ transition listed above individually and from the summed time distribution. Figure 6(a) shows the sum of the individual decay curves and the corresponding fit with a single- − state in 129 Cd, the activities of the two β-decaying states in the daughter nucleus 129 In, and a constant background.
exponential decay function and a constant background. The fit results in a half-life of 155 (3) ms for the 11/2 − β-decaying state. None of the fits to the decay curves gated on individual transitions showed a significant deviation and the weighted mean half-life from those is 154 (2) ms, in good agreement with the value obtained for the summed time distribution. The sum of the time distributions obtained with gate on the 1422.9 and 1586.2 keV transitions is shown in Fig. 6(b) with the fitted half-life for the 3/2 + β-decaying state being 146 (8) ms. Thus, in our analysis, the half-lives of the two β-decaying states in 129 Cd agree within the experimental uncertainties.
Finally, there is one more independent approach to determine the half-life of the 11/2 − state. The 129 Cd (21/2 + ), T 1/2 = 3.6 (2) ms isomer reported in Ref. [5] decays via the emission of γ rays with energies of 353, 406, 1181, and 1587 keV to the 11/2 − state. A spectrum was filled with the difference between the time of the observation of one of these transitions and the time of the next decay event. In the fit of this time-difference spectrum, shown in Fig. 6(c While some feeding is observed to the low-lying levels up to approximately 2 MeV, the major part of the β decay of 129 Cd proceeds to the three excited states at energies of 3150, 3184, and 3348 keV. In order to determine the character of these decays, the absolute intensities of the β feeding to individual states has to be determined. In a first step the absolute intensities of all observed γ rays were determined from a spectrum, taking into account not only the first, but all successive decays correlated with each implanted 129 Cd ion within the first 4.5 s after the implantation. The number of decaying 129 Cd ions was determined from the fit of the total decay curve discussed in the last section. In this way the number of decays is obtained in a direct way without the need to determine the β efficiency of the setup. The β feeding to each individual excited state is then obtained as the difference between the sum of the absolute intensities of the γ rays depopulating this state and the sum of the intensities of all feeding transitions taking into account the level scheme information presented in Fig. 3 . The resulting β-feeding intensities are listed in the third column of Table II .
In order to estimate the character of the observed decays, the β-feeding intensities unfortunately are not sufficient since the decay of two different states, the 11/2 − and the 3/2 + states in 129 Cd, is observed simultaneously. Since the half-lives of these two states are very similar, as discussed in the last section, the relative population of the two states in the present experiment cannot be estimated from the fit to the decay curve. Therefore, a different method had to be employed to estimate the number of decays originating from each of the two states. First, the intensity of the 2118 keV transition in 129 Sn, populated in the daughter decay of the 9/2 + ground state of 129 In, was determined. Since the absolute intensity of this γ ray is known to be 42 (2) per 100 decays from the work of Gausemel et al. [16] , it can be deduced from the observed intensity that 72 (2)% of all 129 Cd decays end up in the 9/2 + ground state of 129 In. The remaining 28 (2)% are assigned to the 1/2 − state. The absolute intensities of all γ rays populating the 9/2 + state adds up to 61 (3)% which implies that 11 (3)% of all 129 Cd decays proceed either directly to the 9/2 + ground state, to states above 4 MeV which decay via weak high-energy γ rays below the detection limit of the current experiment or via β-delayed neutron emission. The equivalent number for the 1/2 − state is 6 (3)%. Therefore, upper limits for the direct population of the 9/2 + and 1/2 − states of 14% and 9%, respectively, are deduced.
Still, this information is not sufficient to estimate the relative population of the two β-decaying states in 129 Cd since it cannot be assumed that all decays from the 11/2 − (3/2 + ) states in 129 Cd end up in the 9/2 + (1/2 − ) levels in 129 In. To obtain the missing piece of information we use the same approach discussed already in the last section. There, a decay curve was constructed applying coincidence gates on the γ 129 In populated in the β decay of 129 Cd, the total observed β-feeding intensities, I β − , the β-feeding intensities in the decay of either the 3/2 + or 11/2 − states, I β − (3/2 + ) and I β − (11/2 − ), and the log f t values for each decay. (2) rays emitted in the decay of the (21/2 + ) ms isomer to the 11/2 − state to select only decays from the 11/2 − level. In the same way we now determine the intensities per 100 decays of the 995.1 and 1354.2 keV ground-state transitions in 129 In. The result is that about 80 (16)% of all 11/2 − decays proceed via one of these two transitions. Considering in addition the direct β-decay feeding to the 9/2 + ground state, this information indicates that nearly all 11/2 − decays proceed via the 995.1 and 1354.2 keV transitions or directly populate the 9/2 + ground state. Consequently, the strongly populated states at 3184 and 3348 keV, whose decays mostly bypass the 995 keV state, have to be fed following the decay of the 3/2 + state. Since most of the other states above the 3150 keV level show similar decay patterns to the 3184 and 3348 keV states, including a high-energy ground-state transition, it is very likely that they are populated in the 3/2 + decay as well. Only the levels at 3971 and 4082 keV do not decay via ground-state transitions prohibiting their assignment to one or the other decaying state. Assuming that only the 3150 keV state and the levels populated in its decay receive feeding from the 11/2 − decay we can now finally determine the fraction of decays originating from each of the two β-decaying states in 129 Cd. The sum of the absolute intensities of the 995.1 and 1354.2 keV transitions amounts to 40 (2)%, from which the intensity of the 1221.6 keV transition of 2 (1)% has to be subtracted and the "missing intensity" [11 (3)%, see above] added. We therefore conclude that 49 (4)% of all 129 Cd decays proceed from the 11/2 − state while the remaining 51 (4)% stem from the β-decaying 3/2 + isomer. With this information, we can now calculate the β feeding from either of these states and finally the log f t values for all transitions observed in the β decay of 129 Cd taking into account the half-life values reported in the last section, Q β = 9330 (200) keV taken from Ref. [25] and assuming an excitation energy of the 3/2 + state around 300 keV. The resulting log f t values, calculated using LOGFT [26] , are listed in the last column of Table II. Note that, as in all β-decay studies using high-resolution γ -ray spectroscopy, these log f t values have, strictly speaking, to be considered as lower limits due to the pandemonium effect [27] .
The states at 3150, 3184, and 3348 keV are populated with log f t values of 4.2 (1), 4.5 (1), and 4.7 (1), respectively, clearly indicating a Gamow-Teller (GT) character of these decays. The GT transition dominating all known β decays in the region Z < 50, N 82 is the ν0g 7/2 → π 0g 9/2 decay. For example, GT transitions of this type are observed in the decay of the neighboring even Cd isotopes 128, 130 Cd with log f t values of 4.2 (1) and 4.1, respectively [28, 29] . In the decays of 127, 129 In slightly larger log f t values in the range 4.4-4.5 were measured [16] , while in the 132 In decay a value of 4.6 was obtained [30] .
For the 3150 keV level populated from the 11/2 − state, the spin range is therefore limited to 9/2 − , 11/2 − , and 13/2 − . Considering that this state has direct decay branches to the 11/2 + , 13/2 + , and 17/2 − states, we tentatively propose a spin and parity of 13/2 − for this state. For the states at 3184 and 3348 keV, which are strongly populated following the decay of the 3/2 + state, values of 1/2 + , 3/2 + , and 5/2 + are possible based on the log f t values. Considering the observation of decay branches to the 9/2 + state, spin and parity of 5/2 + is tentatively proposed for these two levels. All other states are fed with log f t values in the range 5.1-6.3, suggesting that first-forbidden (ff) transitions may compete with GT decays.
V. COMPARISON TO SHELL-MODEL CALCULATIONS AND DISCUSSION
Shell-model (SM) calculations for 129 In were presented in Ref. [17] . Calculated energies of 1295, 1300, and 1540 keV were obtained for the 11/2 + , 13/2 + , and 17/2 − levels. A comparison to the experimental values of 995, 1354, and 1688 keV shows that the energy of the 11/2 + state is calculated 300 keV too high while the ones of the other two states are slightly too low.
In Refs. [5, 7] first results of SM calculations were presented which employ an empirically optimized two-body interaction based on the one used in Ref. [17] and 1p 3/2 and 1p 1/2 proton single-hole energies from recent experimental work [7, 14] . Here we use the same approach to calculate the spectrum of excited states in 129 In. The two-body effective interaction is derived from the charge-dependent-Bonn (CD-Bonn) nucleonnucleon potential renormalized by way of the V low k approach. The multipole part of the interaction was modified as detailed in Refs. [5, 7] yielding a consistent description of 46 Z 50, N 82 nuclei.
The nucleus 132 Sn is used as a closed core and the full major Z = 28 to 50 shell for protons holes (i.e., the orbitals 0f 5/2 , 1p 3/2 , 1p 1/2 , and 0g 9/2 ) and the full major N = 50 to 82 shell for neutron holes (i.e., the orbitals 0g 7/2 , 1d 5/2 , 1d 3/2 , 2s 1/2 , and 0h 11/2 ) are considered. All remaining singlehole energies are taken from Ref. [31] and the computer code OXBASH [32] was used to perform the calculations. The GT transitions were calculated by assuming a general quenching factor of 0.75 for the GT matrix element as established for the N = 1, 2, 3 harmonic-oscillator shells [33] and for N = 4 in the 100 Sn β + /EC decay [34] . Figure 7 shows a comparison between the experimentally established excited states in 129 In below 1.5 MeV and the SM predictions. Above this energy the level density of both experimental and calculated states increases, impeding the identification of one-to-one correlations between the two sets of states. Above 1.5 MeV we only include the three known isomeric states for which, at least tentative, spin assignments are available. In general a very good agreement is found between the calculated and measured energies. In particular, the energies of the 11/2 + , 13/2 + , and 17/2 − levels are much better reproduced as compared to the SM calculation reported in Ref. [17] .
Our shell-model calculations confirm the assignment of the πg (2) . The same decay proceeds also to the 9/2 + ground state with log f t > 5.3. A slightly larger value of log f t = 5.7 was reported for a ff transition of the same type in the decay of 132 In [30] . Turning now to the low-spin negative-parity states, for the 1/2 − level an excitation energy of 403 keV is obtained in the shell-model calculation, in rather good agreement with the experimental value of 451 keV. The excited states at 1083 and 1220 keV, both showing a strong decay branch to the 1/2 − level, most probably correspond to the 3/2 − and 5/2 − states, predicted at energies of 1093 and 1193 keV in the calculations. These three negative-parity states are all directly populated in the β decay of the 3/2 + state with log f t values >5.4, 5.7 (1), and 5.7 (6), respectively. It is likely that these decays are driven by ff transitions of the type νd 3/2 → π (p,f 5/2 ).
Finally, note that the energies of the two ms high-spin isomers [15, 16] , which are not observed in the present work, are also rather well reproduced by the present SM calculations. The energies of these states with spin and parity of (29/2 + ) and (23/2 − ), which represent the fully aligned πg
and πg
11/2 ) configurations, respectively, are only slightly underestimated beyond their experimental uncertainty by the calculations.
Let us consider now the high-lying excited states in 129 In which are strongly populated in the GT decay of the 11/2 − and 3/2 + states in 129 Cd. As discussed in the last section, spin and parity values of (13/2 − ), (5/2 + ), and (5/2 + ) were tentatively assigned to the states with excitation energies of 3150, 3184, and 3348 keV based on the experimental log f t values and γ -decay branches. Since the ν0g 7/2 → π 0g 9/2 GT single-particle transition is the only GT decay which populates excited states in 129 In below the neutron separation energy of S n = 6760 (150) keV [25] , configurations of πg + state, the GT resonance is calculated at slightly higher excitation energies in the shell model as compared to the experimental findings (see Fig. 8 ). However, the calculation nicely reproduces the experimentally observed stronger fragmentation of the GT strength in the decay of the 3/2 + as compared to that of the 11/2 − state. We consider it a remarkable feature of the present shell-model calculations that they not only describe the energies of the low-lying yrast states (see Fig. 7 ) but that, at the same time, also highly non-yrast states are satisfactorily reproduced. The overestimation of the absolute strength in Fig. 8 is due to the fact that the present model space does not include the full N = 4 shell for protons.
Ultimately we would like to note that the comparable decay pattern of the 11/2 − and 3/2 + levels may explain the experimentally established similarity of the half-lives of these two states. Both the ν0g 7/2 → π 0g 9/2 GT as well as the first forbidden decays from the two beta-decaying states populate levels in the same excitation energy range in 129 In.
VI. CONCLUSIONS
We reported on a study of the β decay of 129 Cd. The half-lives of the two β-decaying states, with spin and parity of 11/2 − and 3/2 + , were measured and found to be rather similar, in disagreement with literature values. As in most β decays in the Z < 50, N 82 region, the ν0g 7/2 → π 0g 9/2 GT decay was found to dominate the β decay of 129 Cd. However, a considerable fraction of the decays of the 11/2 − state proceed via the ff transition ν0h 11/2 → π 0g 9/2 , populating the (9/2) + ground state as well as the 11/2 + and 13/2 + members of the πg −1 9/2 νh −2 11/2 multiplet. Also, in the decay of the 3/2 + state, branches to the 1/2 − , (3/2 − ), and (5/2 − ) states were identified which correspond to ff decays. These findings suggest once more that ff transitions can provide non-negligible contributions to the β-decay half-lives in this region. Furthermore, a very detailed level scheme of 129 In was established including 31 excited states connected by 69 γ -rays in the energy range from 137 to 4118 keV. The excitation energies of the low-lying and isomeric states in 129 In were compared to shell-model calculations performed employing a new interaction and the experimental energy of the p 3/2 proton-hole state recently reported in Ref. [7] . A good agreement was found between calculated and experimental excitation energies.
